INTRODUCTION
Malignant mesotheliomas are strictly related to asbestos exposure. Nonetheless, in a proportion of cases occupational exposures cannot be recalled. 1 The proportion of attributable cases depends on the past prevalence of an exposure, so historical and geographical differences are to be expected. However, some variation in estimates from different studies may stem from incomplete ascertainment of asbestos exposure, particularly of non-occupational exposures.
Investigating the risk associated with nonoccupational exposure to asbestos has never been easy due to the overwhelming severity of occupational exposures, and the difficulty of defining which patterns of environmental exposure to an agent so ubiquitous could be relevant. Estimates of the doseeresponse relationship between asbestos and malignant mesothelioma at environmental levels of exposure and of the risk due to environmental and household exposures are, therefore, recent. 2 3 Italy has been a significant producer and user of asbestos. 4 Furthermore, non-occupational exposures to asbestos have been an important cause of malignant mesothelioma in certain settings.
5e9 But to what extent have they played a role in causing malignant mesotheliomas at a national level? A national mesothelioma registry (ReNaM) has operated since 1993 at the National Institute for Occupational Safety and Prevention (ISPESL). 10 ReNaM runs a network of regional operating centres (CORs) maintaining a national database. We summarised data from the ReNaM database on cases with exposures classified as environmental (living in the neighbourhood of an industrial or natural source of asbestos) or familial (living with a person occupationally exposed to asbestos), to assess the relevance in Italy of past non-occupational exposures to asbestos.
SUBJECTS AND METHODS
CORs seek information from cases or a respondent (usually a next-of-kin) using a structured questionnaire supplemented by job-specific modules administered by trained interviewers. Life-long occupational and residential histories are collected, along with descriptions of the occupations held by the persons with whom the patients lived, of the materials used at home that could contain asbestos, and of other activities that could have involved asbestos exposure.
What this paper adds < It has long been recognised that non-occupational, presumably low-level, exposures to asbestos can cause malignant mesothelioma. < We found that at least 8.3% of all mesothelioma cases occurring currently in Italy are due to nonoccupational exposures. They are younger than average and are not entitled to compensation. < The occurrence of these cases shows that "controlled use" of asbestos had never been achieved in Italy. < Failure to recognise cases due to non-occupational exposures may lead to underestimation of the proportion of asbestos-related mesotheliomas.
< Additional table and appendix are published online only. To view these files please visit the journal online (http://oem.bmj. com).
All these circumstances are assessed for asbestos exposure. To this purpose, raters supplement the description of exposure circumstances recorded in the questionnaires with information available from occupational health and safety units and regional environmental protection agencies. Ad hoc enquiries may also be carried out. Each circumstance is then classified according to the categories described in the online appendix. Since an individual may have incurred many exposure circumstances, each malignant mesothelioma case is assigned to his/her most severe exposure category, as an overall assessment. A conventional severity ranking is used (described in the online appendix). In particular, cases are classified as environmental malignant mesothelioma if (i) they are considered neither work-related nor due to familial exposures, and (ii) the patient lived near a source of asbestos pollution, taking into account the distance of their residence from the source, the amount of pollution produced and other factors such as wind direction, etc. As first-line criteria we used those described by Magnani et al in their appendix 1. 3 We abstracted the records of all cases without occupational exposure and with either environmental or familial exposure, as defined in the online appendix, as categories 4 and 5. Their exposure assessment was revised for consistency with these definitions.
We computed standardised incidence rates for malignant mesotheliomas by sex and region, the proportion of cases with exposure classified as familial or environmental, and distribution by the industrial activity of their exposure circumstances. As cases could have multiple exposures, we considered only familial exposure circumstances for all individuals classified as familial cases, ignoring, if any, their environmental exposures. Cases classified as being environmental in origin by definition could not have familial exposures.
All calculations and statistical tests were carried out with the software package Stata 9.2.
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RESULTS
Out of 5173 malignant mesothelioma cases (3746 men, 1427 women) registered between 1993 and 2001, exposure assessment was available for 3552 (2702 men, 850 women). For the remaining 1621 cases no interview, and thus no information on exposure, was available; women represented 35.5% of this group compared with 23.9% of the group with exposure assessment (p<0.001).
We found 294 cases (8.3% of those with exposure assessment) with at least one episode classified as environmental (144 cases) or familial (150 cases) exposure and without any evidence of occupational exposure. Their distribution by sex and region and the corresponding incidence rates are shown in the online supplementary table. There were major geographical differences in the proportion of malignant mesothelioma cases with exposure classified as environmental and familial (considered together), ranging from 24% in Piedmont to 2% in Tuscany. The male/female ratio ranged from 1:6.6 in Liguria to 1:1 in Sicily.
These patients were relatively young: 18% were less than 54 years old and 45% less than 64 years old. The average age at diagnosis was 65.0 years (95% CI 63.6 to 66.5), compared with 67.4 years for all ReNaM cases. Women represented 51% of all cases with environmental exposure, but 84% of those with familial exposure.
In table 1, the industrial activities assessed as having caused exposure are shown. As an individual may have had multiple exposures, 371 exposure circumstances were registered.
Environmental exposure assessment
There were multiple exposures, and 190 exposure circumstances were identified; more than one in three (74) were classified as due to residence in the neighbourhood of an asbestos-cement plant, in areas that were considered affected by its airborne emissions. The others were related to various activities, well recognised for their past use of asbestos or asbestos-containing materials.
Familial exposure assessment
Overall, 181 familial exposure circumstances were reported. Most often a close relative, a parent or a spouse, had been employed in activities or professions entailing exposure to asbestos.
DISCUSSION
Large geographical variations in the proportion of cases linked to environmental or familial exposures were observed. Specific areas where non-occupational cases constitute a substantial proportion of all malignant mesotheliomas had already been Italy exported some of the asbestos mined in Balangero (Piedmont) and imported Canadian and South African asbestos. 4 Genoa (Liguria), Leghorn (Tuscany), Trieste (Friuli Venezia Giulia) and Venice (Veneto) were the busiest ports in the asbestos trade. 12 Shipbuilding has been an important industry in Italy; it involved considerable use of asbestos and large numbers of exposed workers, as in many other countries. 12 Rolling stock production and repair also entailed use of asbestos, including crocidolite, and many exposed workers. Asbestos-cement production has been the main asbestos using industry. The first and largest Italian plant started in 1907 in Casale Monferrato (Piedmont), the second and second largest in Broni (Lombardy) in 1932, followed by many others; 37 plants were identified in a historical study on this trade (planned for publication elsewhere). The main shipyards, the number of railway carriage building and repair facilities and the number of asbestos-cement plants by region are reported in the supplementary online table.
Other industries producing asbestos-containing materials, such as asbestos textiles, linings for brakes and clutches, and asbestos cardboard and packing, were mainly located in Piedmont.
In this study the past distribution of major sources of asbestos pollution explains important variations in the occurrence of malignant mesothelioma due to non-occupational exposures. However, another source of variation might lie in differences across CORs in the quality of information (quality of interview) and/or in the application of criteria to identify non-occupational exposures. As quality control of interviews and of exposure assessment is conducted only at the COR level and no national panel is currently appointed for this purpose, we are unable to estimate the extent of this potential bias which could have increased inter-regional variations. We expect, however, that its main consequence would be underestimation of the number of environmental or familial cases of malignant mesothelioma, with those that are unrecognised falling into the category of 'unknown' aetiology. Another possible cause of underestimation of the proportion of environmental or familial cases is the overrepresentation of women among the cases for whom we lack information on exposures, considering that the prevalence of environmental or familial cases is highest among women. Lastly, all cases with at least one occupational exposure have been excluded from the present study; nevertheless, a definite and long lasting non-occupational exposure might be a more important contributory cause of malignant mesothelioma than a possible, but uncertain, occupational exposure (or a short or recent one). Therefore, it is likely that we underestimated the role of environmental and familial exposures in the aetiology of malignant mesothelioma. Despite these limitations, they explained 8.3% of all cases.
In conclusion, this is the first attempt to estimate the proportion of malignant mesotheliomas due to non-occupational exposures by direct enumeration rather than extrapolation from studies conducted in small populations with high exposures. Environmental and familial exposures accounted for a substantial proportion of all Italian malignant mesothelioma cases. Failure to recognise their aetiology would have led ReNaM to underestimate the fraction of malignant mesotheliomas attributable to asbestos exposure.
Boffetta et al estimated that non-occupational cases might represent 11% of all malignant mesothelioma cases, but warned that this could be an over-estimate. 13 Our findings are in general agreement with their results and are particularly disturbing in a country with a long industrial history. Moreover, non-occupational cases of malignant mesothelioma were younger than usual, unaware of the risks they were exposed to and have not hitherto been entitled to compensation. These features suggest that in Italy 'controlled' use of asbestos was not successful. Furthermore, non-occupational asbestos exposures may have continued until recently and may, in part, still continue today, sustaining the epidemic of malignant mesothelioma in Italy.
